This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



1 



METHOD FOR MANUFACTUKING MAGNETIC jtiSCORDING 

MEDIUM 

BACKGROU ND OP THE mVENTIQN 

Field of the Invention 

The present inventiodi ie4ates to a m^od for manufacturing a magnetic recoiding 
medium, particulariy to a metiiod for manul&ciuiing a high-density magnetic reconling 
medium showing Httie wear of a head and excdlent in running durability. 

Description of the Related Art 

In the magnetic recording in recent years, the wavelength of lecording toads to be 
shorter with the increase of density. The rcquiiement is then incieasfaig for a magnetic 
recording medium to reduce a spacing loss by providing surface properties of a magnetic layer 
with higher smoothness. One of the methods to provide surfece properties of a magnetic 
lay« with smoodmess is to strengthen the disp«sion of the nragnetic Hquid, whidi is appHcd 
on a support to form the magnetic layer in manufacture of tiie magnetic recording medium. 
In common media dispersion, the dispersion has been strengthened by using as media beads 
the media having high specific gravity such as zirconia for dispereing long time, by increasing 
the loading ratio of the media beads or by increasing peripheral velocity. 

In the case where die surface properties of flie magnetic layer are provided with 
smoothness by fliese methods, finely divided particles of abrasives are unevenly distributed on 
the very surface layer of the magnetic layer, causing problems such as tiie reduction of output 
due to the reduction of the degree of filling of the magnetic material in the very surface layer 
and the increase of noise in the magnetic medium Moreover, the reduction of the height of 
projected abrasives on tiie surface of the magnetic layer causes a problem of reducing running 
durability. Furtiicrmore, the above-described pioblems wiU become more obvious, if the 
abrasives to be used are made finely divided particles for providing smootimess to the surface 
propttties of tbe magnetic lay»r. 

Japanese Patent Application PubBcation No. 07-014159 discloses one of tiie metixods 
to solve this problem in which tiie abrasives and carbon black in a magnetic Uquid are 
fbimukted to prepare a paste, separately from flie magnetic coating including a ferromagnetic 
powder and a binder, and tiiey are separately subjected to dispersion tieatinent, before mixing. 
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In this method, a magnetic coating, an abrasive paste liquid and a caibon black paste liquid are 
each separately dispea:sed into optimum dispersion states, and they are mixed and prepared to 
produce a coating Uquid. TTiis method has substantiaHy solved the problem of die degree of 
filling in the above-described magnetic layer and the problem of the reduction of durability 
5 due to the reduction of the projected heigjit on the surface of a tnagnetic layer. 

However, the method for producing the magnetic coadng by separate dispersion and 
mixing has newly caused the problem of the increase of wear of a magnetic head to be in 
contact with the magnetic recording medium due to the aggregation of the magnetic material 
and the problem of the reduction of durability due to the aggregation of carbon black. TTius, 
10 it is difficult to manufiacture a magnetic recording medium that has a smoother magnetic layer 
surface, high output and excellent running durability and shows little wear of a head. It is 
desired that these properties are compatible with each other. 

SUMMARY OF THE INVENTIQN 

It is an object of the present invention to provide a metbod for manufactuzihg a 
15 magnetic recording medium that has a smooth magnetic layer surface and excellent running 
durability and shows little wear of a head, by solving the above-described problems. 

In order to attain the abovenlescribed object, the present invention is directed to a 
method for manufacturing a magnetic rewnxlmg medium in which a magnetic coating is 
applied on a nonmagnetic support* the magnetic coating including: a magnetic liquid 
20 containing a ferromagnetic powder and a binder, and an abrasive Uquid containing an abrasive 
and the binder, the method comprising the steps of: subjecting die magnetic liquid to 
dispersion treatment; subjecting the abrasive liquid to dispersion treatment separately from die 
magnetic liquid, and then filtering die abrasive liquid; and then mixing die magnetic liquid and 
the abrasive liquid. 

25 nie present invention is also directed to a metiiod for manufacturing a magnetic 

recording medium in which a magnetic coating is applied on a nonmagnetic support, the 
magnetic coating including: a magnetic liquid containing a ferromagnetic powder and a 
binder, and an abrasive Uquid containing an abrasive and a solvent, tiie metiiod comprising tfie 
steps of: subjecting tiic magnetic liquid to dispersion treatment; subjecting the abrasive liquid 

30 to dispersion treatment separately from the magnetic liquid, and tiien filtering the abrasive 
liquid; and then mixing the magnetic Uquid and the abrasive Uquid. 



According to the present invention, the magnetic liquid and the abrasive liquid are 
each separately subjected to dispersion treatment, then the abrasive liquid is filtaed, and then 
the both liquids are mixed, so that coarse particles in the abrasives can be removed. Thus, a 
magnetic recording medium that has a smooth magnetic layer surface, good electromagnetic 
conversion propcalies and excellent running durability and shows little wear of a head can be 
obtained. 

In the present invention, the dispersion treatment of the abrasive liquid is preferably 
carried out by applying an ultrasonic wave. This dispersion method can betto- ensure the 
effect of the present invention* 

Furthermore, in the present invention, a cross-flow type filtration apparatus is 
preferably used to carry out classification in die filtration of the abrasive Hquid. The effect of 
the present invention can be exerted seairely since the use of the cross-flow type filtration 
^Jparatps ensures the removal of not only coarse particles in the abrasives but also fine 
particles, SpecificaUy, the removal of fine particles has also the effect of reducing the noise 
of a medium. In addition, die classification of the abrasives can control the particle 
distribution. Consequenfly, the amount to be added of the abrasives can be increased and die 
streiigtfa of the magnetic layer can be secured. 

As used herein, the term "classification'* means •*tfae operation for obtaining the 
abrasive products that have a specific particle size that satisfies a standard ftom the abrasive 
grains containing coarse particles as weU as fine particles after grinding" (Glossary of Cutting, 
Grinding and Polishing Terms, edited by Society of Grinding Engineering. 1995, published by 
Kogyo Chosakai Publishing Co., Ltd.). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The nature of this invention, as well as other objects and advantages thereof, will be 
explained in the following with reference to the accompanying drawings, in which like 
reference characters designate the same or similar parts fhtoughout the figures and Trtierein: 

Rg. 1 is a general block diagram of the magnetic coating producing apparatus for use 
in the embodiment of the present invention; 

Fig. 2 is a block diagram iUustrating an example of the enibcdiment of an ultrasonic 
dispersion filtration system; 

Fig. 3 is a detailed sectional view of an ultrasonic dispersion filtration apparatus for 



use in an ultrasonic dispersion filtration system; and 

Fig. 4 is a block diagram illustrating anotha^ exan^le of the embodiment of an 
ultrasonic dispersion filtration system. 

DETAILED DESCRIPTrON OP THE PREFERRED EMBOniMKNT.^ 

A preferred embodiment of a magnetic coating producing apparatus 10 for use in a 
metiiod for manufacturing the inagnetic recording medium according to the present invention 
will now be described in detail with reference to the accompanying drawings. Fig. lis a 
general block diagram of the magnetic coating producing apparatus 10; Fig. 2 is a detailed 
view of an ultrasonic dispersion filtration system 12 for subjecting an abrasive liquid to 
disp«sion treatment and filtration treatment; and Fig. 3 is a detailed sectional view of an 
ullrasonic dispersion filtration apparatus 40 for use in the ultrasonic dispersion filtration 
system 12. 

In die magnetic coating producing apparatus 10, a supply system of the abrasive 
liquid and a supply system of a magnetic liquid are provided in parallel, and are installed such 
that they join at a mixing tank 70. The supply system of die abrasive liquid is composed of a 
Uquid tank, a Uquid supply device, an ultrasonic dispersion filtration system and die like. 
SpccificaUy, the supply system of the abrasive liquid comprises the Uquid tank 13, a stirrer 14 
wifti its end positioned in the liquid tank 13, a liquid-supplying pipe 15 from the Uquid tank 13, 
a Uquid-supplying putnp 29 and two-step ultrasonic filtration dispersion systems 12, 12 
connected in scries. The detail of the ultrasonic dispersion systems 12 will be described 
hoieinafter. 

On the odier hand, die supply system of the magnetic Uquid conqxrises a Uquid tank 
25, a sthrer 26 with its end positioned in the Uquid tank 25, a Uquid-supplying pipe 27 fiom 
the Uquid tank 25, a Uqoid-supplying pomp 28 and a filter 69. 

The Uquids fiom both supply systems jom at the mixing tank 70, and then treated in a 
single system. SpecificaUy, the mixed solution agitated with a stiiier 72 in the mixing tank 
70 is sent to an addition tank 82 by a Uquid-supplymg pipe 74 fiom the mixing tank 70 and a 
Uquid-supplying puiiq> 76. Stearic add and the like are added in the addition tank 82. The 
mixed solution agitated with the stiirw 84 in the addition tank 82 is sent to an appUcation 
apparatus 90 by a Uquid-supplying pipe 86 from the addition tank 82 and a liquid-supplying 
pump 88 throu^ a filter 89. 



5 



As illustrated in Fig. 2, the ultrasonic dispersion filtration system 12 for subjecting 
the abrasive liquid to dispersion treatment and filtration treatment is composed of a liquid tank, 
a liquid supply device, an ultrasonic dispersion filtration ^paratus and the like. Specifically, 
the ultrasonic dispersion filtration system 12 conqjrises the liquid tank 21, a liquid-supplying 
5 pipe 23 A from the liquid tank 21, a liquid-suRplying pump 24, an ultrasonic dispc^^ion 
filtration apparatus 40, a pressure gauge 22 for measuring the pressure withm a pipe 23B 
between the liquid-supplying pump 24 and the ultrasonic dispersion fihration apparatus 40, a 
liquid-supplying pipe 23C for supplying the abrasive liquid to die downstream of the 
ultrasonic dispersion filtration apparatus 40, and a return pipe 23D for returning the return 

10 liquid from the ultrasonic dispersion filtration apparatus 40 to the liquid lank 21 . The end of 
the liquid-supplying pipe 23C is switchably connected to a liquid-supplying pipe 23G for 
supplying the abrasive liquid to die downstream and a return pipe 23F for returning flie 
abriasive liquid to the liquid tank 21 . 

In the ultrasonic dispersion filtration system 12, a <at>ss-flow type ultrasonic 

15 dispersion filtration apparatus 40 is employed, as illustrated in Fig. 3. The cross-flow type 
refers to die type that is described versus a dead-end type in the filtration apparatus (filter). 
Specifically, cartridge filt^ and the like that are commonly used are of the dead-end type in 
which there are provided only a liquid supply port and a liquid discharge port and no bypass. 
On the other hand, the cross-flow type is the system in which th^e are provided a hquid 

20 supply port and a liquid discharge port, and in addition a return pipe to supply the liquid that 
could not be filtered again to the liquid supply port through the return pipe. 

IiX Fig, 3. a liquid tank 42 of the ultrasonic dispersion filtration apparatus 40 is a 
cylindrical container, and a liquid discharge port 32 is connected at the lower end thereof. In 
addition, there are connected a pipe 30 (liquid supply port) at the upper left side and a pipe 34 

25 (hquid bypass port) at the upper right side. Ftirthcr, th^e is provided a filter 36 at the lower 
part withm the liquid tank 42, such that only the liquid that has passed through the filter 36 can 
flow out through the liquid discharge port 32 and any other liquid flows out through the pipe 
34 (liquid bypass port). 

The upper end of the liquid tank 42 of the ultrasonic dispersion filtration apparatus 40 

30 is sealed by a flange SO of a vibrator 44 to be described below to form a sealed container. 
The vibrator 44 having a cylindiical shape is disposed within the liquid tank 42, such that an 
ultrasonic wave can be applied to the liquid passing through the liquid tank 42. The flange 
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50 is imegrally fonned with the vibrator 44. 

A converter 46 is fixed at the upper end of the vibrator 44 and electricity is supplied 
to the conv^er 46 from a power supply 48 » Consequently, when the ultrasonic dispei^ion 
filtration apparatus 40 is started, the ultrasonic vibration is excited by the conv^er 46 and an 
5 ultrasonic wave is applied to the inside of the liquid tank 42 by the vibrator 44. 

By employing the ultrasonic dispersion filtration apparatus 40 of the above-described 
structure, the abrasive liquid that has flowed into the liquid tank 42 is subjected to dispersion 
treatment by applying an ultrasonic wave and filtered by the filter 36 in the neighborhood of 
the ultrasonic aj^lication part, and only the liquid that has passed through the filter 36 flows 
10 fiom the liquid discharge port 32 and is sent to the downstream. 

In Fig. 3, primary particles PI, PI,,., that are subjected to dispersion treatment by 
applying an ultrasonic wave have passed through the filt^ 36, and aggregated particles PG and 
foreign matters C cannot pass through the filtCT 36 and axe circulated again through the pipe 
34. 

15 As the flow-type ultrasonic dispersion filtration apparatus 40 as described above, for 

example, the flow-type ultrasonic dispersion apparatus made by Nihon Seild Seisakusho Co., 
Ltd.. brand name: US-1200TCVP, can be modified for use. The specifications of this 
machine include an ultrasonic frequency of 20 kHz, a MAX amplitude of 30 jxm, a nominal 
output of 1,200 W, a diameter of the iiltrasonic irradiation part of 50 mm and the like. Tho 

20 inside diametor of the pipes 30, 32 and 34 is made to be 14 mm. 

As for the filto- 36, for example, those prepared by sintering stainless steel fiber and 
having a diameter of 80 mm, a fhickness of 1.5 mm and a nominal filtration performance of 1 
jun can be used. In the case of the classification to be described b^ow, those having a 
nominal filtration performance of 0.1 ]im can be used to remove finely divided particles. 

25 The cross-flow type ultrasonic dispersion filtration apparatus is not an essential 

structure in the embodiment of the present invention, but the structure may be a combination 
of an ultrasonic disp^on apparatus and a dead-end type filter (common cartridge filter, etc.). 
Namely, coarse aggregated particles can be removed first by subjectmg the abrasive liquid to 
dispersion treatment by applying an ultrasonic wave, and then by subjecting it to filtration. 

30 However, the flow rate of the solution may be limited by filter plug, or fee j&equency 

of filter exchange may be high, in the case of the dead-end type filter. Therefore, it is 
preferred to employ the cross-flow type ultrasonic dispersion filtration apparatus. In 
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particular, the cross-flow type ultrasonic dispersion filtration apparatus in which the filtCT is 
disposed in the neighborhood of the ultrasonic irradiation part as shown in Fig, 3 is preferred 
because the aggregated particles are filtered while being broken down. 

Various known materials can be used for the various components for use in the 
5 above-described magnetic coating producing apparatus 10. However, it is preferable to 
employ those materials that will not produce contamination and corrosion. 

When the ultrasonic dispersion filtration system 12 is to be constructed in a two-step 
series arrangement to classify the abrasive particles, for example, the system will be the 
constructed as follows. The first step of the ultrasonic dispersion filtration system 12 uses 
10 the structure shown in Fig. 2. A filter of the mesh size for removing coarse aggregated 
particles or the like is used for the filter 36. In this case, only the Uquid that has passed 
through the filter 36 is sent to the downstream through the liquid discharge port 32 (refer to 
Fig. 3) and the liquid-supplying pipe 23C (refer to Fig. 2), as shown in Figs. 2 and 3. 

On the other hand, the second step of the ultrasonic dispersion filtration system 12 

15 uses the structure shown in Kg. 4, which is similar to the structure shown m Fig. 2 and 
difGrarences between them are described below. In Fig. 4, the liquid-supplying 23C is 
connected to the return pipe 23D, and the return liquid fiora the ultrasonic dispersion filtration 
apparatus 40 is relumed to the liquid lank 21. The pipe 34 Ciquid bypass port) shown in Pig. 
3 is connected to the liquid-supplying pipe 23E, and the liquid that has not passed through the 

20 filter 36 of the ultrasonic dispersion filtration apparatus 40 is suppUed to the downstream. 
The end of the liquid-supplying pipe 23E is switchably connected to a liquid-supplying pipe 
23H fOT supplying the abi^ive liquid to the downstream and a return pipe 231 for returning the 
abrasive liquid to the liquid tank 21. 

In die ultrasonic dispersion filtration system 12 of the structure shown m Fig. 4, a 

25 fflter of the mesh size for removing fine particles or the like is used fb^ Inthis 
case, only the Uquid that has not passed through the filter 36 is sent to the downstream through 
the Uquid bypass port 34 (refer to Fig. 3) and the liquid-supplymg pipe 23E (refer to Fig. 4), as 
shown in Figs. 3 and 4. The Uquid that has passed through the filter 36 is circulated again 
through the liquid discharge port 32 (refer to Fig. 3), the liquid-supplying pipe 23C and the 

30 return pipe 23D (refer to Fig. 4). 

By the above-described structure, die particles to be classified that are at the upper 
Umit or above and at the lower Umit or below of the abrasive particles are removed to 
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effectively classify the abrasive particles. 

The specification of the filter 36 to be used for removing the particles having the 
upper limit size or above is preferably X^IOK, more preferably X<5K, most preferably X52K, 
where X designates the filtration precision of the filter 36 and K designates tiie average 
5 particle size of the abrasive (by SEM observation), m terms of reducing wear of a magnetic 
head to be in contact with the resulting magnetic recording medium. 

On die other hand, the specification of the filta- 36 to be used for removing the 
particles having the lower limit size or below is preferably Y>0.1K, more preferably Yi0.2K, 
most preferably Y>0.5K, where Y designates the filtration precision of the fflier 36 and K 
10 designates the average particle size of the abrasive (by SEM obsegrvation), in terms of reducing 
noise in the magnetic iiecording medium. 

In the production method according to the embodiment of the present invention, the 
abrasive liquid that is to be added to the Uquid tank 13 may also be subjected to the ultrasonic 
dispersion treatment after the concentration of the liquid is reduced as necessary. In this case, 
15 the abrasive liquid may also be subjected to jM^liminaiy dispersion treatment by a sand grindegr 
machine (sand mill) as necessary before the ultrasonic dispersion treatment. It is preferable 
to use glass beads to the dispersion treatment by the sand mill, and more jH^eferably zirconia 
(ZrOa) beads are used. 

After the preliminary dispersion treatment process, it is preferable to reduce the 
20 concentration of tfie abrasive by diluting the abrasive Uquid by a coating solvent, and the 

particle size measurement of the abrasive may also be carried out together. The particle size 
measuiement can be carried out in various mcfliods, and so called Ih4aser system 
measunement m^od may also be used. 

nie strucnire of Ae magnetic recording medium to which the embodiment of the 
25 present invention is applied and various materials to be used for it will now be described* 
First, the abrasives to be used for the magnetic layer of the embodiment of the present 
invention will be described, and then the structure of the magnetic recording medium and 
various materials such as a magnetic powder will be described* 

Commonly used miaterials can be used for the abrasives for use in the magnetic layer 
30 of the embodiment of the present invention. More specificaUy, examples of die abrasives 
mclude a-alumina, y-alumina. fiised alumina, corundum, syntfietic corundum, silicon carbide, 
chromium oxide (Cr203), diamond, synthetic diamond, garnet, emery (main components: 



corundum and magnetite), a- Fe203 and the like. These abrasives have Mohs hardness of 6 
or above. 

Examples of commercially available abrasives include AKP-10, AKP-12, AKP-I5, 
AKP-20, AKF-30, AKP-50, AKP-1520, AKP 1500, HIT-50, HrT-fiOA, HIT-70, HTT-SO, and 
HTT-lOO made by Sumitomo Chemical Co., Ltd.; G5, G7, S-1 and **Chromium Oxide K** 
made by Nippon Chemical Industrial Co^, Ltd,; tJB40B made by C.Uycmura & Co., Ltd,; 
WA8000 and WAIOOOO made by Fujinoi Incoiporatei^ and TFIOO, TF140 and TF180 made by 
TodaKogyoCorp. 

In these abrasives, the particles having an average particle size in the range of 0.05 to 
3 \nn have large effect, and preferably the particles having an average particle size in the range 
of 0.05 to LO \im have larger effect. 

Typical binders to be used in combination with the abrasives include a vinyl chloride 
copolymer, a polyurethane resin and the like. The weight ratio of the binder to the abrasives 
that can be preferably eir^loyed is in the range of 0 to 1/5. 

The total amount of the abrasives to be added is in the range of 1 to 20 parts by 
weight, preferably in the range of 1 to 15 parts by weight, relative to 100 parts by weight of 
the magnetic material. Because the amount less than 1 pait by weight will be too small to 
obtain sufBcient durability, and the amount more than 20 parts by weight will have the 
tendency to reduce surface properties and the degree of filling. 

The embodiment of the present invention can be preferably used in the method for 
manufacturing the magnetic recording medium in which a lower coating layer mainly 
containing a nonmagnetic inorganic powd^ and a binder is provided on a nonmagnetic 
support, and a magnetic layer containing a ferromagnetic powder, an abrasive and a binder is 
provided on the lower coating layer. 

The magnetic layer may be a single layer or may be configured by two or more layers. 
In the latter case, the magnetic layers may be provided adjacent to each other or other layers 
tiian die magnetic layer may be provided between the magnetic layers depending on the 
purpose. Known structure of the layers can be employed for the magnetic layer. 

The magnetic layer thickness in the embodiment of the present invention means the 
thickness of tije uppermost lay<^ (outermost layer) of the magnetic layers when tiiey are 
composed of multiple layers. In tfiis case, the magnetic layer thickness is preferably from 
0.02 pm to 0,3 imL 
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Examples in which the magnetic layer is formed by multiple layers include 
combinations of magnetic layers in which a feiromagnetic powder selected from a 
ferromagnetic iron oxide, a ferromagnetic cobalt-modified iron oxide, a Cr02 powder, a 
hexagonal feitite powder and various ferromagnetic metal powders is dispersed in a binder. 
In this case, it is also possible to combine the magnetic layers that contain the same type of 
ferromagnetic powders but difp^etit in elemental composition, powder size or the like. 

In the embodiment of the present invention, the magnetic recording medium 
preferably has the stmcture in whidi a nonmagnetic layer is provided between a magnetic 
layer containing a fcnomagxietic metal powder or a hexagonal ferrite powder and a support. 

Various examples of inorganic compounds as a nonmagnetic powder for use in the 
nonmagnetic layer include, for example, a-alumina having an a-oontent of 90% or more, 
p^alumina, 7-alumma, silicon carbide, chromium oxide, cerium oxide, hematite (a-iron oxide), 
goethite (ferric oxyhydiate), corundum, silicon nitride, titanium carbide, titanium oxide, 
silicon dioxide, bc»oii nitride, zinc oxide, calcium caihonate, calcium sulfate, barium sulfate 
and the like, used singly or in combination with each other. As for hematite and gocihite, the 
hematite and goethite that are the intermediate raw niat«ial$ for a magnetic iron oxide and a 
ferromagnetic m^ powder prepared by an iron oxide reduction process are also preferred. 

The nonmagnetic powder to be used may be surface treated in order to increase the 
interaction with the binder to be used and to improve dispcrsibUity. The materials for use in 
the surface treatment include Si, Al, and compounds containing elements such as Al and SL 
By treating with these matraals, the layer made of at least silica, alumina, silica-alumina or 
the like may be formed on the surface of the norunagnetic po wd^, or flie surface of the 
nonmagnetic powder may be treated with a coupUng agent such as a silane coupling agent or a 
titanium coupling agent Preferably, the tap density is in the range from 03 to 2 g/ml; the 
watCT content is in the range from 0. 1 to 5 % by weighs the pH is in tiie range from 2 to 1 1 ; 
and the specific surface area by the BET method (SBET^ is in the range from 5 to 100 mVg, 

The ferromagnetic powder for use in the embodimrat of the present invention is 
preferably a ferromagnetic metal powder and a hexagonal ferrite powder. 

The saturation magnetization of a fOTomagnetic metal powder is generally ftom 60 to 
170 A m^/kg (60 to 170 emu/g), preferably from 80 to 170 A-m^/kg (80 to 170 emu/g). TTie 
treatment with the conq)Ound5 described in Japanese Patent Application Publication Nos. 
61-52327 and 07-94310 or the coupling agents having various substitucnts immediately after 
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reduction and before slow oxidation is eflfective in that it can enhance the saturation 
magnetization. 

The coercivity of a ferromagnetic metal powder ranges jfrom 13.5x10* to 23.8" 10* 
A/m (1,700 to 3,000 Oe), pref«ably fiom 14.3x 10* to 22.3X 10* A/m (1.800 to 2^800 Oc). 

Hie fraromagnetic metal powders for use in tiie magnetic layer of the embodiment of 
the present invention are preferably fcaronoagnetic alloy powders mainly containing o-Fe, 
These fciromagnctic metal powders may contain, other tl^ spedfic elements, the clancnts 
such as Al, Si. S. So, Ca, Ti, V, Cr, Cu, Y. Mo, Rh, Pd, Ag, Sn. Sb. Te, Ba, W, Re, Au. Hg, 
Pb, Bi, La, Ce, Pr, Nd, P, Co, Mn. 2n, Ni, Sr and B. 

In particular, at least one of Al, Si, Ca, Y, Ba, La, Nd, Co, Ni and B is preferably 
contained other than a-Pe, more prefwably at least one of Co, Y and Al. The content of Co is 
relative to Fe, preferably from 0 at% to 40 at%, more preferably fiom 10 at% to 40 atSS, most 
preferably from 20 at% to 35 at%. The content of Y is preferably fiom 1 at% to 15 at%, 
more preferably from 3 at% to 10 at%, most preferably from 4 at% to 9 at%. The content of 
Al is preferably from 2 at% to 20 at%, more preferably from 3 at% to 20 at%. most preferably 
from 4 at% to 16 at%. 

It is preferable that in the ferromagnetic powdCTs, Co is contained in an amount fiom 
10 to 40 at%; Al is contained in an amount fiom 2 to 20 at%; and Y is contained in an amount 
from 1 to 15 at%, r^ative to Fe. 

These ferromagnetic metal powders may be preliminarily treated, before being 
dispersed, witii a dispersant, a lubricant, a surfaaant, an antistatic agent or the like to be 
described below. Specifically, these freatments are described in any one of Japanese Patent 
Publication Nos. 44-14090, 45-18372, 47-22062. 47-22513, 46-29466, 46-38755. 47-4286, 
47-12422, 47-17284, 47-18509. 47-18573, 39-10307 and 46-39639, and U.S. Patent Nos. 
3,026,215; 3,031.341; 3.100,194; 3,242,005 and 3,389,014. 

The ferromagnetic metal powders may contain a small amount of hydroxides or 
oxides. The fenomagnetic metal powders prepared by known production mefliods may be 
used. Tlie known production mefliods include the methods such as: a method for reducing a 
composite organic acid salt (mainly oxalate) with a reducing gas such as hydrogen; a method 
for reduchig iron oxide with a reduduig gas such as hydrogen to obtain a powder of Fe or 
Fe-Co; a method for pyrolytically decomposing a metal carbonyl compound; a reduction 
method by adding sodium borohydride. hypophosphites or hydrazine to an aqueous solution of 
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ferromagnetic metals; and a method for vaporizing metals in a low pressure inert gas to obtain 
powders. 

Any of the thus obtained ferromagnetic metal powders may be used after subjected to 
any one of the known slow oxidation treatment methods selected from a method for 
5 immersing in an organic solvent and then drying; a mefeod for immeraing in an organic 
solvent, feeding an oxygen-containing gas to form an oxidized film on the surface and then 
drying; and a method for forming an oxidized film on the surface by adjusting the partial 
pressure of an oxygen gas and an inert gas without using an organic solvent. 

The ferromagnetic metal powd«: in the magnetic layer of the embodiment of the 
10 present invention is expressed in 1 BET to be 40-80 m^/g, preferably 45-70 mVg. Noise will 
increase if it is less than 40 m^/g, and good surface properties will tend to be difficult to obtam 
if it is larger than 80 m^/g. 

The crystaUite size of the fOTomagnetic metal powders in the magnetic layer for use 
in *e embodiment of the present invention is prefi^ably fix)m 8 to 23 nm, more pref«-ably 
15 from 8 to 16 nm. most preferably from 8 to 12.5 nm. The average major axis length of the 
ferromagnetic metal powd^ is preferably from 30 to 190 ran, more preferably from 30 to 100 
nm. The acicular ratio of the ferromagnetic metal powders is preferably from 2,0 to 10-0, 
more preferably from 3.0 to 9,0, and the coefficient of variation of the acicular ratio is 
preferably from 5 to 30%, more preferably from 5 to 28%. 
20 A magnetic recording medium that mainly contains Fe as the fenomagneUc powder 

in the magnetic layer and has a major axis length of from 30 to 100 nm and a CTystallite size of 
fromS to 16 nm is most preferred* 

The water content of the foromagnetic metal powda- is preferably fiom 0.01 to 2% 
by wei^t. The water content is preferably optimized depending on the type of the binder to 
25 be described below. 

The tap density of the ferromagnetic metal powder is prefoably from 0.2 to 0.8 g/ml. 
If it is larger than 0.8 g/ml, the powder would not be uniformly oxidised in the slow 
oxidization of the powder, which may result in difficulty in safe handling of the powder or 
reduction of the magnetization of tiie resultant tape with time. Hie tap density of 0.2 g/ml or 
30 less may result in insufficient dispersion. 

The pH of the ferromagnetic metal powder is preferably optimized by the 
combination with the binder to be used. The range is typically from 4 to 12, preferably from 
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6 to 10. The faromagxxetic metal powder may be surface treated with Al, Si. P or oxides 
thereof as necessary. The amount existing on tiie suifiice is firom 0.1 to 20% by weight 
relative to the ferromagnetic metal powder after the treatment. The surface treatment is 
preferred in that the adsorption of a lubricant such as a fetty acdd is reduced to 10 mg/m* or 
less. 

The ferromagnetic metal powder may contain soluble inorganic ions of elements such 
as Na, Ca, Fe, Ni and Sr. Although it is preferred that these inoiganic ions are not contained 
in essence, 200 ppra or less of thtan will not particularly influence the properties. 

Moreover, the ferromagnetic powder for use in the embodiment of the present 
invention preferably has less quantity of holes, the value being 20% by volume or less, mote 
preferably 5% by volume or less. The shape of the powder may be acicular. ri2aform or 
fusiform. 

It is preferred that the switching-field distribution (SFD) of the ferromagnetic metal 
powder itself is small, preferably 0.8 or less. It is preferred that the distribution of He of the 
feiTomagnetic metal powder is reduced. When the SFD is 0.8 or less, the electromagnetic 
conversion properties are good; the output is high; and the flux reversal is shaip to reduce the 
peak shift, so that it is suitable for the high-density digital magnetic recording. In order to 
reduce the distribution of He, the methods such as improving the particle size distribution of 
gocthife or preventing the sintering are available for the ferromagnetic metal powder. 

The magnetic recording mednun having a squareness ratio of 0.82 or more and a SFD 
of 0^ or less is particularly preferred. 

nie hexagonal feirite powdos include substitution products such as barium ferrite, 
strontium ferrite, lead ferrite and calcium ferrite, Co substitution ferrite and the like, barium 
ferrite being preferred among them. SpedficaUy, a magnetoplumbite-type barium ferrite and 
strontium feirite, a magnetoplumbite-type femte whose surfece is coated with spinel, and a 
magnetoplumbitc-typc barium femte and strontium ferrite partly containing a spinel phase are 
included. 

nie fenomagnetic m^ powder may contain, othw dian specific elements, the 
elements such as Al, Si, S, Sc. Ti. V, Cr, Cu, Y, Mo. Rh. Pd, Ag, Sn, Sb, Te, Ba. 1^ W, Re, Au, 
Hg, Pb, Bi, La, Ce, Pr, Nd, P, Co, Mn. Zn, Ni, Sr, B, Ge and Nb. Generally, those containing 
the elements such as Co-Zn, Co-Ti, Co-Ti-Zr, Co-Ti-Zn. Ni-Ti-Zn, Nb-Zn-Co. Sb-Zn-Co and 
Nb-Zn can be used. Some raw materials and production methods may contain impurities 
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peculiar to them. 

The average tabular diameter of hexagonal fenite powders is iM^eferably 50 nm or less, 
more preferably 40 nm or less, most preferably from 10 to 35 nm. 

In particular, when reproducing with a magnetoresistive head in order to increase 
5 track density, the average tabular diameter is preferably 50 nm or less for reducing noise. 
Hie average tabular ratio that is the arithmetic mean of the tabular ratio (tabular 
diametCT/thiclcness) is preferably from 1 to 15, more pref^ably from 1 to 8. 

Small average tabular ratio is preferred because of high degiw of filling, but may be 
lacking in sufficient orientation. The avca^ge tabular ratio of larger than 15 may increase 
10 noise due to the stacking between powders. The 1 BET for die powder having the size of this 
range generaUy shows the value from 10 to 200 mVg. The Sbct generally agrees with the 
arithmetic calculation from the tabular diameter and diickness of the powders. 

Generally, the smaUer distribution of the tabular diameter and thickness of the 
powders is preferred. Although it is difficult to convert them into numbers and the 
15 distribution is often not the normal distribution, die coefiQdent of variation of the powder size 
(tabular diameter or thickness) is from 10 to 200% . In order to make die powder size 
distribution sharp, die powder-producing reaction system is made as uniform as possible and 
the produced powders are subjected to flie distribution-improving treatment simHar to diat for 
the above-described nonmagnetic powders. For example, there is known a method for 
20 selectively dissolving ultra fine powders in an add solution. 

Tlie cocrcivity (He) measured in hexagonal ferrite powders can be adjusted 
approximately in die range from 4^^ 10^ to 4^ 10* A/m (500 to 5,000 Oe). Higher He is 
advantageous for high-Kiensity recording, but it is limited by the capacity of a recording head. 
The He qan be controlled by die powder size (tabular diameter and thickness), the type and 
25 amount of the elements contained, the substitution site of the elements, the conditions of the 
powd^-producing reaction and the like. 

Tlie saturation magnetization (os) is in the range from 30 A m^/kg to 80 A m^/kg (30 
emu/g to 80 emu/g). The saturation magnetization (as) tends to be smaller for finer powders. 
WeU known methods for changing die saturation magnetization (os) include compounding 
30 spind fenite to magnetoplumbite femte, selection of flie type and the amount of the elements 
to be contained, and the like. 

Purthca:, it is possible to use a W-type hexagonal farite. Hexagonal fenite powders 
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are typically surface treated with a surface trcattnent agent compatible with a dispersing 
solvent and a bind^ before they are dispersed in the binder, hioisanic coiiq>ound$ and 
organic compounds arc used for the surface treatment agent laical examples of the main 
compounds include oxides or hydroxides of Si, Al, P and the like, and coupling agents such as 
various silane coupling agents, various titanium coupling agents and the like. These 
compounds can also be used when the hexagonal ferrite powders axe dispersed. The amount 
to be deposited on the surface of the particles by the surface treatment is fiom 0.1 to 10% by 
weight relative to the hexagonal ferrite powders before the treatment. 

The coercivity (He) of the magnetic layer in the embodunent of the present invention 
is generally from 143 ^ 10^ A/m to 279 ^ itf A/m (1,800 to 3,500 Oc), preferably ftom 143 ^ 
itf A/m to 239 ^ 10^ A/m (1,800 to 3,000 Oe). The maximum magnetic flux density (Bm) is 
generally from 100 mT to 700 mT (1,000 to 7,000 gauss (G)), preferably from 150 mT to 600 
mT (1,500 to 6,000 G). When He and Bm are smaller than the lower limit values, the output 
of short wavelength may not be obtained sufiEicienUy. On the other hand, if they are larger 
than the upper limit values, the output may not be insured because the head to be used for the 
recording is saturated. 

When the MR head is used for the reproduction head, the Bm is preferably low. In 
addition, when the MR head is used for the reproduction head, the most prefeixed magnetic 
recording medium has the coercivity of the ferromagnetic powders in the magnetic layer of 
143 X 10^ A/m to 239 x lo^ A/m (1,800 to 3.000 Oe) and os of 40 to 120 A m^/kg (40 to 120 
emu/g). 

When the inductive head is used for the reproduction head, the most prefixed 
magnetic recording medium has as of 120 to 170 A-m^/kg (120 to 170 emu/g). 

For the binder of the magnetic layer and the nonmagnetic layer of the magnetic 
recotdmg medium according to die embodiment of the present invention, conventionaUy 
known thermoplastic resins, thermoset resms, reactive resins and mixtures thereof can be used. 
The thermoplastic resins that can be used have a glass transition temperature of -100 to 150°C, 
a number average molecular weight of 1,000 to 200,000, preferably 10,000 to 100,000. and a 
polymerization degree of about 50 to about IfiOO. 

The above-described binders include polymers and copolymers including, as 
constitutmg units, vmyl chloride, vinyl acetate, vinyl alcohol, maleic acid, acrylic acid, 
aatylatcs, vinylidene chloride, acrylonitrile, methacrylic acid, methacrylates, styrcne. 
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butadiene, ethylene, vinyl butyral, vinyl acetal, vinyl ether and the lite, polyurettiane resin and 
various rubber-based resins* The above binders can also be used for the pr^aration of the 
abrasive liquid. 

In addition^ the thermoset xesins or reactive resins include phenol lesins, epoxy resins, 
5 polyurethane curing resins, urea resins, melamine resins, alkyd resins, acrylic reactive lesms, 
formaldehyde resins, siUcone resins, epoxy-polyamide resins, mixtures of polyest^ resins and 
isocyanate prepolyme^, mixtures of polyester polyols and polyisocyanates, mixtures of 
poljrureihanes and polyisocyanates and the like. 

In oTder to obtain better dispersing effect of the ferromagnetic powders and durability 
10 of the magnetic layer from the above-described binders, it is preferred to use, as necessary, 
Aose in which at least one or more polar groups selected from -COOM, -SO3M, -OSO3M, 
-P=0(0M)2, -0-P=(0M)2, wherein M is a hydrogen atom or an alkali metal group, -OH, -NR2, 
-N*R3, wherein R is a hydrocarbon group, an epoxy group, SH, CN and the like are introduced 
by copolymerization or addition reaction. The amount of these polar groups is from 10'^ to 
15 10"* mol/g, preferably from 10'^ to 10"^ moJ/g, 

The binder for use in the magnetic recording medium of the embodiment of the 
present invention is used m the range from 5 to 50% by weight, preferably fix>m 10 to 30% by 
weight, relative to the foroiuagnetic powder. Vmyl chloride resins are used in the range 
from 5 to 100% by weight; polyurediane resins are used in tiie range from 0 to 100% by 
20 wdg^t; and polyisocyanates are used in the range from 0 to 50% by weight, relative to the 
total amount of bmdcrs. n is preferred to use ihem m combination. It is most preferred that 
the binder includes the polyurethane rcsm containing a cyclic structure and an ether group. 

Moreover, the Tg of the magnetic layer is most preferably from 30°C to ISO^'C. In 
addition, the degree of filling of the ferromagnetic powders for the magnetic layer can be 
25 calculated from the saturation magnetization (as) and tihe Bm (maximum magnetic jQux 

density) to be (Bm/47ios). In flic embodiment of the present invention, tixe value is preferably 
1.7 g/nal or more, more preferably 1.9 g/xul or more, most preferably 2.1 g/ml or more. 

When polyurethane is used in th& embodiment of the present invention, it preferably 
has a glass transition temperamre of -50 to 100*»C, an elongation at break of 100 to 2,000%, a 
30 stress at break of 0.5 to 100^ lO ^ MPa (0.05 to 10 kg/cm^), and a yield point of 0,5 to 100^ 10'^ 
MPa (0.05 to 10 kg/cm^). 

Polyisocyanates fliat can be used in flie embodiment of the present invention include 
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isocyanates such as tolylcne diisocyanate, 4,4'-dipheylinetbane diisocyanate, hexamethylcne 
diisocyaiiate, X5dylene diisocyanate, naphtj4aie-U-diisocyante, o-toluidine diisocyanate, 
isophorone diisocyanate, triphenymctliane triisocyanate; products of tbese isocyanates with 
polyaloohols; polyisocyanates jHoduced by the condensation of isocyanates; and the like. 
5 GeoeraUy, those materials having various functions such as lubricants, abrasives, 

dispeisants, antistatic agents, plasticizere. and mildewpioofing agents can be contauied 
depending on the purpose in the magnetic layer and/or nonmagnetic layer of the embodiment 
of the present invention. 

Conductive particles can also be contained as an antistatic agent other than the 

10 nonmagnetic powders in the magnetic layer of the magnetic reowding medium of the 

embodiment of the present invention. However, in the magnetic recording medium in which 
a nonmagnetic layer is provided between a support and a magnetic layer, it is preferred to 
minimize the amount of the conductive particles to be added in the upper layer, but to add 
them to the coating layers other than the upper layer, m order to maximize the saturation 

IS magnetic flux density of the upper layer. 

The addition of carbon black as the antistatic agent is preferred in terms of reducing 
the surface electrical resistance across the medium. The carbon blacks that can be used in the 
embodiment of the present invention include carbon blacks such as furnace black for rubber, 
fliennal black for mhher. black few color, conductive carbon black, acetylene black and the like. 

20 The carijon blacks preferably have Sbbt of 5 to 500 mVg, a DBP absorption of 10 to 1,500 
nd/lOO g, an average particle size of 5 to 30 nm, pH of 2 to 10, a watCT content of 0. 1 to 10% 
by w^ght and a tap density of 0.1 to 1 gi'ml. 

Moreovai the carbon black may be disposed in advance witfi the binder before 
added to Ae magnetic coating. When the carbon black is used in the magnetic layear, its 

25 amount to be used relative to the magnetic material is preferably in fl»e range from 0. 1 to 30% 
by mass. When the carixoi black is used m the nonmagnetic layw, it is pref»ably contained 
in the range from 3 to 20% by mass relative to the inorganic nonmagnetic powdexs, whoein 
no carbon black is contained in the nonmagn^c powdos. 

Genially, the carbon black works not only as an antistatic agoat, but also works for 

30 reducing the coefficient of ftiction. providing light blocking effect, improving film strengdi 
and the like, each of tiiese functions being diflSescent depending on the carbon black. Thus, of 
course, these carbon blacks for use hi the embodiment of flie present mvention can be used 
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properly depetiding on the purpose based on the above indicated various prop^es such as the 
powder size, the oil absorption, the conductance and pH by changing their types, amounts and 
combinations. About the carbon blacks that can be used, for example, "Hie Carbon Black 
Handbook" edited by the Carbon Black Society of Japan can be refmed to. 

The embodiment of the present invention can also be preferably used in the method 
for manufacturing a magnetic recording tj^e in which a nonmagnetic back layer is jrovided 
on the surface opposite to that on which the above magnetic layer is provided. 

Preferred enibodiments of the present invention will be listed below. 

The magnetic recording medium in which the back lay^ of a magnetic recording tape 
is provided by applying a dispersion in which mainly carbon black is dispersed in a binder and 
which has a modulus of longitudinal elasticity of 5 to 10 GPa (50 to 1.000 kg/mm^) is most 
preferred. 

The magnetic recording medium of the embodiment of the present invention is 
preferably prepared by forming two or more coating layers on a support. The methods for 
formmg the same may include a sequential application method (wet-on-dry method) and a 
continuous application method (wet-on-wet method). 

The tfuckness of the magnetic recording medium of the embodiment of the present 
invration is generally fiom 1 to 100 fun, preferably from 3 to 20 ^m when used in a tape form, 
preferably fiom 40 to 80 ^im when used as a flexible disk, and the nonmagnetic Iay«- provided 
on the supp<»t has a thickness generally j&om 0.5 to 10 jim, preferably j&om 0.5 to 3 jxm. 

MoreovOT, othM- layers than the above-described magnetic layer and the 
above-described nonmagnetic layer can be filmed dq>ending on the purpose. For example, a 
prinra- layer may be provided for inq>n)ving adhesive properties between a support and a 
lowcx layer. This layer has a thickness genially from 0.01 to 2 pm. preferably from 0.05 to 
0.5 Mm, In addition, a back layw may be provided on the side opposite to the magnetic layer 
of the si^rt This lay^ has a thickness generally from 0,1 to 2 |iin, preferably from 0.3 to 
1 .0 fim. Known mat^ials can be used for the prirr^ layer and the back layer. The 
magnetic recording medium in which the back layer has a surface electrical resistance of 
1 10^ n/square or less is most prefen^. 

The support for use in the embodiment of the present invention is not particularly 
limited, but those conamonly used can be used. Examples of materials forming die suppcMt 
can include fihns of various synthetic resins such as polyetfiylene ter^hthalate, polyethylene. 
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polypropylene, polycaAonate, polyethylene naphthalate. polyamide, polyamide-imide, 
polyimide, polysulfone and polyethCTSulfonc; and metal foils such as an aluminum foil and a 
stainless steel foil. 

In order to effectively achieve the object of the embodiment of the present invention, 
5 the surface roughness of the support is preferably 0.03 pm or less, more prefeiably 0.02 jim or 
less, most preifferably 0.01 p.m or less, as expressed by the center-plane average surface 
roughness (Ra: cutoff value 0.25 mm). 

The support for use in the embodiment of the present invention preferably has a F-5 
value in the webnimning direction of 50 to 500x 10'^ GPa (5 to 50 kg/mm^) and a F-5 value in 
10 the web-width direction of 30 to 300^ 10^^ GPa (3 to 30 kg/mm^). The F-5 value in die 

web-numing dnrction is generally higjier than that in the web-width direction, but not limited 
when it is necessary to increase the strength in the width direction in particular. 

Moreover, the heat shrinkages at lOO^C for 30 mmutes of the support in the 
web-running and width directions are preferably 3% or less, more preferably 1.5% or less; and 
t5 the heat shrinkages at 80^C for 30 minutes are preferably 1 % or less, more preferably 0.5% or 
less. The support preferably has a strengdi at break of 0.05 to 1 GPa (5 to 100 kg/mm^) and a 
modulus of 1 to 20 GPa (100 to 2,000 kg/nun^), in both directions. 

The magnetic recording medium of the embodiment of the present invention is 
obtained by dispersing by kneading nonmagnetic powders or ferromagnetic powders with a 
20 binder togedier with other additives as necessary in an organic solvent, applying the 

nonmagnetic coatmg and magnetic coating on a support, subjecting to orientation as necessary 
and drying. 

The magnetic recording medium of the embodiment of the present invention may be 
used as tapes for video and audio applications, or as flexible disks and magnetic disks for data 

25 recording applications. However, it is particularly effective as the media for digital recording 
applications in which a loss of the signal due to the occurrence of dropout is critical. 
Furthermore, a higli-density large-capacity magnetic recording medium having high 
electromagnetic conversion properties and good overwrite characteristics can be obtained by 
forming a Iowct layar as a nonmagnetic layer and reducing the thickness of the magnetic layer 

30 on die Iowa: layer to 0.5 pm or less. 

Exan^les of the embodiments of the method for manufocturing the magnetic 
recording medium accordmg to the embodiment of die present invention have been described 
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as above, but the embodiment of the present invention is not limited to the above-described 
examples of embodiments, and various oth^- embodiments can be employed. 

EXAMPLES 

The examples of the present invention will now be described in contradistinction to 
comparative examples* In each of the examples below, the expression ^^paits" means "parts 
by weight". 

In each of the examples, the layer structure was employed in which between a 
magnetic layer and a nonmagnetic support, there is provided a nonmagnetic intermediate layer 
mainly containing nonmagnetic powd»s and a bind^. 

In Examples 1 to 4 of the present invention, the magnetic liquid and the abrasive 
liquid were each separately subjected to dispersion treatment in the magnetic coating 
producing apparatus 10 having the stracture shown in Kg. 1; the abrasive liquid was then 
subjected to dispersion/filtration in the ultrasonic disp^sion filtration system 12; and then the 
magnetic liquid was mixed with the abrasive liquid. 

On the othCT hand, in Comparative Examples 1 to 3, the magnetic liquid was mixed 
with the abrasive liquid widiout using the ultrasonic dispersion filtration system 12. 

(1) Structure of the nonmagnetic intermediate layer (common to each of the 



examples) 

Nonmagnetic powder a-Fe203 80 parts 

Average major axis length 0.1 jam 

Specific surface area by BET method 48 mVg 

pH 8 

FciOs content 90 percent or more 

DBF absorption 27-38 ml/lOOg 

Surface treatment agent AI2O3 

Caibon black 20 parts 

Average primary particle diameter 16 jxm 

DBF oil-absoiption 80 ml/lOOg 

pH 8,0 

Specific surface area by BET method 250 mVg 
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Volatiles 1,5% 

Vinyl chloride copolymer 8 parts 

MR-110 made by ZEON Corporation 

Polycst^ polyuretfaane resin 4 parts 
5 neopentylglycol/caiHX>lactonq>olyol/MDI = 0,9^.6/1 

containing 1 ^ 10"* eq/g of -SOsNa group 

Tg 65*^C 

Phenylphosphomc acid 3 parts 

Butylstearate 1 part 

10 Stearic acid 1 part 

Methyl ethyl ketone 100 parts 

Cyclohexanonc 50 parts 

(2) Structure of the magnetic layer (common to each of the examples) 

15 a) Fem>magnetic metal fine powder 100 parts 

Composition Fe/Co=70/30 

He 195x 10^ A/m (2,450 Oe) 

Specific surface area by BET method 43 mVg 

Crystallite size 16 nm, 

20 Surface treatment agent AI2O3 

Particle size (major axis) 0. 1 25 |mi, flat acicular particle, 
longer width length (minor axis length)/shorter width length = 0.025/0.01 
as: 157 A m^/kg (157 emu/g) 

Polyester polyurethane resin 10 parts 
25 neopentylglycol/caprolactoncpolyol/MDI - 0.9/2.6/1 
containing 1 x 10^ cq/g of -SOaNa group 

Caibon black (particle size 0. 10 jon) 0,5 parts 

Butylstearate 1 .5 pans 

Stearic acid 0,5 parts 

30 Methyl efliyl ketone 90 parts 

Cyclohexanonc 30 parts 

Toluene 60 parts 
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b) a-Alumina (particle size 0, 18 ^im) 4.5 parts 

MRllO 0.45 parts 

Cyclohexanone 9.2 parts 

5 Each of the components in the above-desciibod coating for the nonmagnetic 

intennediate layer except stearic acid and butylstcaratc was kneaded in an open kneader, and 
then dispersed with zirconia beads using a sand mill, lb the resultant dispersion, 3 parts of 
polyisocyanate were added, and a solution in which stearic acid and butyl stcarate were 
dissolved in methyl ethyl ketone and cyclohexanone was added and stirred to prepare a 

10 nonmagnetic coating liquid having a solid content of 28% and a solvent ratio of methyl ethyl 
ketone : cyclohexanone = 4:6. 

The above-described magnetic material, a nonmagnetic granular powder, carbon 
black, a vinyl chloride copolymer, methyl ethyl ketone and cyclohexanone were kneaded in an 
open kneader and dispersed with zirconia beads using a sand mill to prepare the magnetic 

15 liquid. 

The abrasive liquid for Example 1 was first prepared as a mixture of alumina : vinyl 
chloride copolymer MRl 10 : cyclohexanone = 45 : 4.5 : 92. Then, the mixture was subjected 
to ultrasonic dispersion filtration treatment in the stmaure shown in Fig. 2 using a cross-flow 
type (dxculation type) ultrasonic dispersion filtration apparatus 40 (ultrasonic homogenizer, 

20 specifications; nominal output: 1,200 W, fiequency: 20 kHz, diameter of irradiation part area: 
50 mm, gap between the inadiation part and holder 3 mna. amplitude: 30 \xm, using a filter 
made of sintered stainless steel fiber and having diameter: 80 mm, thickness: 1 J5 mm, nominal 
fatration p^ormance: 1 jim). Thweafter, the abrasive Kquid was mixed with the magnetic 
liquid in the conditions shown in Tkble 1 , 

25 The abrasive liquid for Example 2 was first prepared as a mixture of alumina : vinyl 

chloride copolymer MRllO : cyclohexanone = 45 : 4.5 : 92. Then, the mixture was subjected 
to ultrasonic dispersion filtration treatment for residence time for dispca^ing of 1 minute in the 
stracture shown in Fig. 2 using the cross-flow type (circulation type) ultrasonic dispersion 
filtration apparatus 40 with the same specifications as Example 1 . Then, the abrasive liquid 

30 was supplied through the Uquid-supplymg pipe 23G m Fig. 2 to the liquid tank 21 in Fig. 4, 
and then subjected to ultrasonic dispersion filtration treatment for residence time for 
disp^ing of 1 minute in the strucnire shown in Pig. 4 using the cross-flow type (circulation 
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type) ultrasonic dispersion filtration apparatus 40 using as the filtCT 36 a &lter made of sintered 
stainless steel fiber and having diameter: 80 mm, thickness: 1.5 mixi, nominal filtration 
performance: 0.1 \xm. Thereafter, the abrasive liquid was transfeiied through the 
liquid-supplying pipe 23H, and was mixed with the magnetic liquid in the conditions shown in 
5 la^le 1. 

The abrasive liquid for Example 3 was first prq)ared as a mixture of alumma : vinyl 
chloride copolymer MR 1 10 : cyclohexanonc = 45 : 4.5 : 92. Thon. the mixture was subjected 
to sand mill dispersion treatment for 360 minutes by a vertical sand mill dispersion apparatus 
with zirconia media beads of 1 mm in diameter at loading ratio ((volume of die media beads) / 

10 (volume of the abrasive liquid + volume of the media beads)) of 60% . Then, the mixture was 
transfm^ j&om the sand mill dispersion apparatus so as to be subjected to ultrasonic 
dispersion filtration treatment in die structure shown in Fig. 2 using the cross-flow type 
(circulation type) ultrasonic dispersion filtration apparatus 40 with the same specifications as 
Example 1 . Thereafter, the abrasive liquid was mixed with the magnetic liquid in the 

15 conditions shown in T^ble 1 . 

The abrasive Uquid for £xanq>le 4 was first prepared as a mixture of alumina : 
cyclohexanone « 35 : 65 (i.e., with no binders). Then, the mixture was subjected to 
ultrasonic disp^on treatment for 30 mmutes using a batch type ultrasonic dispersion 
^aratus made by Nihon SeiM Seisakusho Co., Ltd. (brand name: USDS-l, specifications; 

20 nommal ou^ut: 600 W, fi:equcncy: 20 kHz. ultrasonic irradiation by two pieces of vibrator of 
36 mm in diameter, dissolver-type inq>eller of 1,000 rpm). Then, the mixture was subjected 
to ultrasonic disp^on filtration tieatment in the structure shown in Fig. 2 using the 
cross-flow type (circulation type) ultrasonic dispersion filtration apparatus 40 with the same 
speciflMtions as Example L Thereafter, the abrasive liquid was mixed with the magnetic 

25 liquid in the conditions shown in Table 1 . 

In each of Examples 1 to 4, the mixture of the abrasive liquid and the magnetic liquid 
was stirred^ and a solution in which stearic acid and butyl stearate were dissolved in methyl 
ethyl ketone and cyclohexanone was added and stirred to prepare a magnetic coating liquid. 
The magnetic liquid and the nonmagnetic liquid were each filtexed by a filter having an 

30 average pore size of 1 fim to pr^are each of the coating fiquids. 

Hie liquid-supplying rate can be calculated from the transfer speed of the support to 
be described below, coating thickness and coating width. In Fig, 1 shown as an example of 
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one embodim»t, the ultrasomc dispersion filtration systems 12 are composed of two sets but 
it may be one set as des^ibed above or may be a cascade structure of three sets or moce 
depending on the liquid-supplying rate or the capaci^ of the apparatus. 

A consumer DVC video tape was manufactured as described below. A polyethylene 
naphthalate support having a thickness of 5,2 ^un and a roughness component strength of 0,03 
nm^ at a wavelength of 4.3 ^un in a roughness spectrum obtained with an atomic force 
miCToscope (APM) was used. On the support, the nonmagncdc layer coaling Uquid was 
applied such that it has a thickness after drying of 1.5 fim, and immediately aftor this, the 
magnetic layer was subjected to simultaneous double coating on the nonmagnetic coating 
Uquid such that it has a thickness after drying of 0.2 ^m. The both layers were oriented while 
they were wet by a cobalt magnet having a magnetic force of 300 mT (3,000 G) and a solenoid 
having a magnetic force of 15 mT (1,500 G) and dried. Hien, they were subjected to 
calendering using a seven-roll calender composed only of metal rolls at a temp^ture of 85°C, 
a linear pressure of 3^00 N/cm (350 kgf^cm) and a speed of 50 m/minutc, and slit to a width 
of 6.35 mm. 

Methods for evaluating Examples 1 to 4 and Comparative Examples 1 to 3 wiB now 
be desaibed* 

(1) Carrier/Noise ratio (C/N) measurement 

The output was measured using a dium tester. The head that was used is a MIG 
head having Bs of 1,2 T and a gap length of 0.22 ^m, for recording and reproduction, 

TTie head/medium relative velocity at die recording and reproduction was 10.5 m/sec 
to record the single frequency signal at 21 MHz. The reproduction spectrum ratio at a 
location 1 MHz apart fiom the earner signal output and carrier signal was observed with a 
spectmm analyze made by Shibasoku Co., Ltd. 

(2) Thickness measurement 

A sample t^ was cut with a diamond cutto* into a thickness of about 0. 1 in a 
longitudinal direction and was observed and taken a photograph with a transmission electron 
microscope at a magnification of 100,000. Aflcr drawing lines on the surface of the magnetic 
layer and at the interface of the magnetic laycr/nomnagnetic layer, the mcasiiranem was 
carried out by an image processing device IB AS2 made by Carl Zeiss Inc. In the case where 
the measuring leaigth was 2 1 cm, measurement was carried out 83 to 300 times to calculate the 
average value d and the standard deviation o. 



25 



(3) Running durability 

A viigin tape of 60 minute long was repeatedly run 100 times continuously at indoor 
environment (room temperature: 23*C, relative humidity: 70%). The camcoider DM made 
by Matsushita Electric Industrial Co., Ltd. was used to evaluate the tape damages on the 
sliding sur&ce thereof after tfie running according to the criteria below: 
When the damage was confinned by a '<200 magnification photograph Poor 
When the damage was scaxcely confinned by a x200 magnification photograph Good 
When the damage was not confirmed by a ^200 magniflcaiion photograph Excellent 

(4) Mag )x value 

The tape was slid .l to 100 passes with the magnetic layer surface b^g touched at a 
load of 10 g, a speed of 14 mm/s and a wrap of 180 degrees using a member of SUS420J of 4 
mm in diameter at indoor environment. The sliding resistance was measured to calculate the 
coefficient of fiiction with the magnetic layer surface from die Buler's formula. 

(5) Repeated HW 

A virgin tape of 60 minute long was repeatedly lun 100 times continuously at indoor 
environment (room temperature: ZS^'C, relative humidity: 70%), The camcorder DJ-1 made 
by Matsushita Electric Industrial Co.. Ltd. was used for this t^. The amount of the head 
projection before and after the running was measured by the HISOMET optical microscope 
made by Union Optical Co., Ltd. to calculate the amount of wear of a head. 

Production conditions and evaluation results are summarized in Table 1 below. 
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Table 1 





Exajiq)le 1 


£jcanq»lc2 


Exaii^e3 


Exafl[iqple4 


Con^. 
Example 1 


Comp. 
Example 2 


CoRip. 
Example 3 


Major axis length of 
Didactic mafftrial 
(nm) 


60 


An 


OU 


60 


60 


60 


60 


DiSpCxsion method 


separate 
dispersion 


separate 
dispersion 


Separate 
dispersion 


separate 
dispecsion 


simul- 
taneous 


sq^aratc 
_ dispersion 


separate 
dij^persion 


Diq)cislQn media 


zirconia 


zirconia 


zirconia 


liicouia 


zirconia 


zirconia 


zirconia 


Media paitide size in 
diameter (fmn]> 


1 


1 


t 


1 


1 


1 


1 


Volume ratio % in 
dispersion apparatus 
occuinodby tDBdiaiii 
nmnetic lionid 


w 


60 


60 


60 


60 


60 


60 


lime for di^wniog 
magnetic liquid (inin) 

(magnetic liquid 
without abrasive tar 
s^arate dispeision) 


3eo 


360 


360 


360 


360 




360 


Dispenion treatment 
of al)rasive Hquid 


ultrasonic 


ultrasonic 


sand mill 


ultrasonic 


sand mill 


sand mill 


ultrasonic 


Residence time for 
dtspcrsing abrasive 
Hquid 


2 min in 
flow 


2 min in 
flow 


360 min 


batch: 

30uiifl 
flow: TJQsi&c 


(360 min) 


360 min 


2minin 
flow 


Solid concemtration of 
abrasive liquid 


35% 




35% 


35% 


- 


35% 


35% 


Return dispersion of 
abrasive liquid 


no 


no 


ultrasonic 
dispersion 


no 




ultrasonic 
dispersion 


no 


Filtration of abrasive 
liquid 
(1) high pass filter 


cut coarse 
particles, 1 
lun or less 


cut coarse 
particles, 1 
^orless 


cut coarse 
particles, 1 
urn or less 


Cut coarse 
particles, 1 
um or less 


no 


no 


no 


Filtration of abrasive 
liquid 
(2) low pass filler 


no 


cut fine 
partides, 
O.t ftmor 
more 


cut fine 
particles, 
0.1 pmor 


cut fine 
particles^ 
0.1 ^mor 
mote 


no 


no 


no 


MeAod for TirixiTig 
magnetic liquid/ 
abrasive liquid 


dissolver 

-type 
impcllczv 
peripheral 
speed of 12 
m/s,30 
min 


dissolver 

-type 
impeller, 
peripheral 
speed of 12 
nVs,30 
min 


dissolver 

-type 

per^eral 
speed of 12 
m/s.30 
min 


dissolver 
-type 

tlttpCJlCTy 

penphecal 
speed of 12 
fn/s,30 
nnn 


- 


dissolver 

-type 
impeller, 
pcdpheral 
speed of 12 
m/'s, 30 
min 


dissolver 

^type 
inpeller, 
peripheml 
speed of 12 
tofs, 30 
min 


Added amount of 

abrasive: 
Faits by weight 


4.5 


7.5 


7.5 


7.5 


4.5 


43 


4.5 


Layer structure 


multiple 
layers 


multiple 
layers 


multiple 
layers 


multiple 
layeis 


multiple 
layers 


multiple 
layecs 


multiple 
layers 


Magnetic layer 
thicime$s/noim)agnetic 
layer d)ic3aiess(um) 


0.2/1^ 


0.2/1,5 


0.2/1.5 


0J2/13 


0.2/1.5 


0.2/1.5 


0.2/lJ 


CyN(dB) 


2.2 


3 


2.8 


2.8 


0 


unable to 

measure 


2 


RonniDg durabiU^ 


good 


excellent 


excellent 


excelleiit 


poor 


poor 


good 


Mag fi value: 1 pass; 

100 passes 


0.26; 
0.26 


0.24; 
0.25 


0.27; 
0.28 


0.24; 
0.24 


0-34; 
unable to 
measure 

due 10 
ftticldn^ 


OJ; 

Unable to 
measure 
due to 
sticking 


0.24; 
0.25 


Repeated HW 
(um/20h) 


0.1 


0.1 


0.1 


0.2 


0.8 


unable to 
measure 


0.5 



27 



In Table 1, **Retuni dispersion of abrasive liquid" means the rc-dispeKion treatment 
canied out for breaking the re-aggregation of the abrasives before application. In the item 
"Filtration of abrasive liquid", the high pass filter is used for removing the abrasive particles 
having a particle size of the uppo- limit size to be classified or more, and the low pass filter is 
used for removing tfie abrasive particles having a particle size of the lower Imnt size to be 
classified or less. 

Comparative Example 1 is the case where the magnetic liquid mainly comprising a 
ferromagnetic powder and a binda- was kneaded in an open kneader. added with abrasives and 
simultaneously dispersed with zirconia beads using a sand mill. This was used as a type for 
comparison. 

The medium in Comparative Example 1 had abrasives that are broken excessively, 
resulting in die reduction of the size of the abrasive particles on the surface of the magnetic 
layer and the increase of the number of particles. Consequently, the running durability has 
been reduced and the C/N has also been reduced. Li addition, the amount of wear of a head 
was large. 

Comparative Example 2 is the case where the abrasive liquid vms subjected to 
dispersion treatment with zirconia beads using a sand mill so as to have a residence time of 
360 minutes; and this abrasive Uquid was subjected to the ultrasonic dispersion treatment on 
the same day that the coating liquid was prepared, and was mixed by agitation with the 
magnetic liquid without filtration to prepare a magnetic coating. The abrasives are broken 
more excessively than Comparative Example 1, resulting in the reduction of durability to the 
extent where the measurements of the electromagnetic conversion properties (C/N) and the 
wear of a head were impossible due to the chipping of the magnetic layer. 

Comparative Example 3 is the case where the dispersion of the abrasive liquid by a 
sand mill was changed to the dispersion by an ultrasonic wave, relative to Comparative 
Example 2, and was mixed by agitation with the magnetic liquid without filtration after the 
dispersion to prepare a magnetic coating. The medium had good C/N and running durability, 
but showed larg;e amount of wear of a head. 

Exan^lcs 1 and 2 are the cases where the abrasive liquid is filtered to make a 
magnetic coating, relative to Comparative Example 3, It was possible to manufacture the 
medium diat shows less wear of a head than Comparative Example 3 and has good C/N and 
running durability. 
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Example 2 is the case where fine particles were cut in the filtration of the abrasive 
liquid, relative to Example L The medium from Example 2 had the impiroved C/N compared 
with Example 1. 

Example 3 is the case where the abrasive liquid was subjected to the dispersion 
5 similar to Comparative Example 2, then subjected to filtration, and then mixed by agitation 
with the magnetic liquid to prepare a magnetic coating. The medium had the improved C/N 
and showed less wear of a head compared with Compaiative Examples. 

Example 4 is the case where the abrasive liquid including no bind^s was subjected to 
dispersion by both the batch type ultrasonic batch type ultrasonic dispersion apparatus and tfie 
ID crosS'flow type ultrasonic dispersion filtration apparatus. The medium had the improved 
C/N and showed less wear of a head compared with Comparative Examples. 

As described above, according to Ac present invention, the magnetic liquid and the 
abrasive liquid are each separately subjected to dispersion treatment^ the abrasive liquid is then 
filtered; and after that the both liquids are mixed, so that coarse particles in the abrasives can 
15 be removed. Thus, the magnetic recording medium that has a smooth magnetic layer surface, 
good electromagnetic conversion properties and excellent running durability and shows little 
wear of a head can be obtained. 

It should be understood, however, that there is no intention to limit the invention to 
the specific forms disclosed, but on the contrary, the invention is to cover all modifications, 
20 alternate constractions and equivalents fallmg within the spirit and scope of the mvention as 
expressed in the appended claims. 



